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Description 

FIELD OF THE INVENTION AND RELATED ART 

[0001] The present invention relates to a liquid container having an air vent valve, more particularly, to a liquid con- 
tainer usable with ink jet head cartridge, writing element or device, recording device, copying machine or facsimile 
machine or the like, having a valve mechanism for controlling pressure. 

[0002] Many proposals have been made as to valve mechanism tor preventing too high or low pressure in a container, 
while maintaining a sealed state of the container. The desirable function of such a valve is to maintain a closed state 
when there is no pressure difference between the inside and outside, to open at a predetermined threshold when the 
inside pressure increases or decreases, and to quickly return to the closed state. It is further desired that the threshold 
does not vary depending on the manufacturing conditions. 

[0003] Japanese Utility Model Application Publication No. 446/1 980 discloses as shown in Figure 45A and 45B of this 
application, a valve mechanism formed by providing a slit in a rubber member of a cap of a container, the slit opening 
upon an increase of internal pressure to release gas from inside the container. Such a valve is simple in the structure, 
but when there is no pressure difference between inside and outside, the closure of the valve is not well assured. In 
addition, the threshold release pressure varies significantly with small differences in the slit, so that the manufacturing 
is not easy, and the use thereof is limited. 

[0004] Japanese Utility Model Application Publication No. 53012/1981 proposes as shown in Figure 46 of this appli- 
cation, an air valve using a heat-fusing plastic resin material having a large number of fine openings having a diameter 
of 100-10000 Angstroms (10-100 nm) and having a water repellent nature. This valve does not permit leakage of liquid, 
but permits free flow of gases, so that evaporation of the liquid cannot be prevented. Again, the use thereof is limited. 
[0005] Japanese Laid-open Patent Application No. 36464/1990 discloses an air valve for a bag for containing coffee 
beans, in which carbon dioxide is produced. It is desired to maintain the closed state in the norma) state, but to permit 
gas to be released to the outside in the event of an internal pressure increase. Two films are concentrically bonded 
together, and an opening is formed in a basic one of the films. Gas is released through the opening and a clearance 
between the sheets (Figure 47A and 47B). Between the flexible sheets, a sealing material such as silicone oil is applied. 
The surface tension of the sealing oil causes the closure of the valve to be good when there is no pressure difference, 
and the threshold release pressure is stabilized. However, this valve functions only when the pressure is increased (uni- 
directional). When the internal pressure decreases, the valve does not open. 

[0006] Japanese Laid-open Utility Model Application No. 29722/1980 discloses, as shown in Figure 48, a bi-direc- 
tional valve comprising a pair of valves acting in opposite directions and each having a valve member and a biasing coil 
spring. However, the structure is complicated, having a great number of parts. Also, it has been confirmed that the clos- 
ing of the valve is not assured when the pressure difference is 0, with the threshold pressure set at not higher than 1000 
Pa. 

[0007] Japanese Laid-open Utility Model Application No. 29723/1980 discloses, as shown in Figure 49, another bi- 
directional valve, which is more compact than the above, but the same problems are involved. 
[0008] Japanese Laid-open Utility Model Application No. 61665/1980 discloses, as shown in Figure 50. a bi-direc- 
tional valve having a pair of symmetrical valves each having a dome elastic material with slit at the top. Similarly to Jap- 
anese Utility Model Application Publication No. 446/1980, the closure of the valve when there is no pressure difference 
is not assured. In addition, the threshold releasing pressure changes significantly with small variations in the slit. 
[0009] In a recording apparatus using liquid ink, size reduction is desired. In such recording apparatus, a recording 
head and ink container are carried on a printer carriage . In some such recording apparatus, only the ink container is 
exchanged when the ink is used up. This is preferable because of the size reduction and simple construction compared 
to the case in which the ink container is fixed on the main assembly of the printer and the ink is supplied to the recording 
head through a tube. In addition, the running cost can be reduced. 

[0010] Where liquid is supplied from a liquid supplier such as a liquid container to a liquid receptor such as a recording 
head, a static pressure head is applied to the liquid in the liquid receptor, if there is a liquid level difference between the 
liquid supplier and the liquid receptor. The influence of this static head is important in the field of the recoring. For exam- 
ple, in the field of an ink jet recording apparatus in which the recording is effected with ink which is liquid, ink leakage, 
recording performance variations or improper image recoring result from the static head due to the level difference 
between the levels of the recording head and the ink container. To avoid this, the liquid surface of the ink container is 
placed at a level lower than that of the ink ejection outlets of the recording head, so that the ink pressure in the recording 
head is lower than the external pressure. 

[0011] However, negative pressure generation at the recording head requires a predetermined positional relation 
between the recording head and the ink container. This is a significant limitation of the apparatus. 
[0012] Where the ink container is placed on the carriage, the size of the carriage increases because of the production 
of the negative pressure. 
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[0013] In an attempt to avoid the above problem, a porous material is disposed in the container to retain the liquid 
therein, and negative pressure is produced by capillary force. In another example, ink is contained in a dome like con- 
< tainer. Both of these have been put into practice. 
[0014] However in order to obtain a proper performance for the recording head, the density of the porous material 
s has to be high, and therefore, the ink quantity which can be contained in the container becomes small. With the con- 
sumption of the ink, the capillary force increases, and the negative pressure increases significantly so that the ink sup- 
ply becomes impossible even while 

a certain amount of ink remains therein. In the case of a container using elastic material such as rubber, the negative 
pressure increases with consumption of the ink resulting in the same problem. So, the usable ink 
10 quantity is quite a lot smaller than the volume of the ink container, that is, the use efficiency is low. When a certain quan- 
tity of ink is desired to be 

contained, the size of the container has to be much larger. This leads to bulky apparatus. 

[0015] EP-A-0052914 descrtoes a printer head for an ink-on-demand type ink-jet printer wherein fluid control valves 
are provided at the inlet and outlet to a chamber from which ink is ejected by use of a piezoelectric actuator. 

is [0016] US-A-5040002 describes a regulator for ink-jet pens which comprises a valve element mounted adjacent a 
seat for movement relative to a port of the ink-jet pen. which port may be an air intake port. Magnetic attraction is 
employed for urging the seat and valve element together to close the port and to permit an underpressure to develop 
within the reservoir of the ink-jet pen. When the underpressure within the reservoir rises above a certain level, the valve 
element moves away from the seat to permit air to enter the reservoir to reduce the underpressure to an operable level. 

20 [0017] According to the present invention there is provided a liquid container comprising a chamber for containing 
liquid and having an outlet for supply of liquid from the chamber, and a valve mechanism for controlling air pressure 
within the container, the valve mechanism comprising a thin film seated on a support surface bounding an opening of 
the container so that the thin film covers the opening, the thin film being movable in response to a predetermined differ- 
ence in air pressure between the outside and inside of the container, characterised in that the valve mechanism com- 

25 prises first and second thin films, a sealing material is provided between the first thin film and the support surface, the 
first thin film has an opening 

and the second thin film is seated on a surface of the first thin film facing the container opening so as to cover the open- 
ing in the first thin film and so that sealing material is provided between the first and second films, the first film being 
arranged to move to allow air to exit the container opening when the air pressure within the container is greater by a 
30 predetermined amount than that outside the container and the second film being arranged to move to allow air to enter 
the container through the opening in the first thin f Dm when the air pressure outside the container is greater by a prede- 
termined amount than that inside the container. 

[0018] An embodiment of the present invention provides a recording head cartridge and recording apparatus usable 
with recording liquid container having a reliable air vent mechanism of simple structure. 
35 [001 9] Embodiments of the present invention will now be desribed by way of example, with reference to the accom- 
panying drawings, in which: 

Figure 1 is an exploded perspective view of a valve mechanism included for illustrative purposes and not falling 
within the scope of the invention claimed. 
40 Figure 2 is a sectional view of the valve mechanism shown in Figure 1 . 

Figure 3A is a top plan view of another valve mechanism included for illustrative purposes and not falling within the 
scope of the invention claimed. 

Figure 3B is a sectional view of the valve mechanism shown in Figure 3A. 

Figure 4 is a sectional view of a valve mechanism according to a further embodiment of the present invention. 
45 Figure 5 is an exploded perspective view of the valve mechanism shown in Figure 4. 

Figure 6 is a sectional view of the valve mechanism shown in Figure 4 illustrating operation thereof. 

Figure 7 is a sectional view of the valve mechanism shown in Figure 4 illustrating operation thereof. 

Figure 8 is an exploded perspective view of a valve mechanism according to another embodiment of the present 

invention. 

so Figure 9 is an exploded perspective view of a valve mechanism according to an embodiment of the present inven- 
tion. 

Figure 10 is a sectional view of a valve mechanism according to an embodiment of the present invention. 
Figure 11 is an exploded perspective view of a valve mechanism according to an embodiment of the present inven- 
tion. 

55 Figure 1 2 is a sectional view of a valve mechanism. 

Figure 1 3 is a sectional view of a valve mechanism included for illustrative purposes and not falling within the scope 
of the invention claimed. 

Figure 14 is an exploded perspective view of a valve mechanism included for illustrative purposes and not falling 
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within the scope of the invention claimed. 

Figure 15 is a perspective view of a valve mechanism included for ilustrative purposes and not falling within the 
scope of the invention daimed. 

Figure 16 is an exploded perspective view of a valve mechanism included for illustrative purposes and not falling 
5 within the scope of the invention claimed. 

Figure 1 7 is an exploded perspective view of a valve mechanism included for illustrative purposes and not falling 
within the scope of the invention claimed. 

Figure 18 is a valve mechanism according to a further embodiment of the present invention. 
Figure 1 9 is an exploded perspective view of a valve mechanism according to a further embodiment of the present 
w invention. 

Figure 20 is an exploded perspective view of a valve mechanism included for illustrative purposes and not falling 
within the scope of the invention claimed. 

Figure 21 is an exploded perspective view of a valve mechanism included for illustrative purposes and not falling 
within the scope of the invention claimed. 
is Figure 22 is a sectional view of a valve mechanism included for illustrative purposes and not falling within the scope 
of the invention claimed. 

Figure 23 is an exploded perspective view of a valve mechanism according to an embodiment of the present inven- 
tion. 

Figure 24 is a sectional view of a valve mechanism according to an embocfiment of the present invention. 
so Figure 25 is a sectional view of a valve mechanism according to an embocfiment of the present invention. 
Figure 26 is a sectional view of a valve mechanism according to an embodiment of the present invention. 
Figure 27 is a sectional view of a valve mechanism according to an embocfiment of the present invention. 
Figure 28 is an exploded perspective view of a valve mechanism according to an embodiment of the present inven- 
tion. 

25 Figure 29 is a sectional view of a valve mechanism according to an embocfiment of the present invention. 

Figures 30A, 30B and 30C are perspective views of various protection members. 

Figure 31 is a perspective view of a liquid container using a valve mechanism. 

Figure 32 is a sectional view of the liquid container shown in Figure 31 . 

Rgure 33 is an exploded perspective view of a recording head cartridge. 
30 Figure 34 is a sectional view of a recording head cartridge. 

Figures 35A, 35B and 35C illustrate operation of the recording head cartridge. 

Figure 36 is an exploded perspective view of a recording head cartridge according to an embodiment of the present 
invention. 

Rgure 37A is an exploded perspective view of a recording head cartridge included for illustrative purposes only 
35 Rgure 37B is a sectional view taken along a line a-a* in Rgure 7A. 

Rgure 38 is a sectional view of a liquid container according to an embodiment of the present invention. 

Rgure 39 is a sectional view of a recording head cartridge according to an embodiment of the present invention. 

Rgure 40 is a sectional view of a recording head cartridge according to an embodiment of the present invention. 

Rgure 41 is a perspective view of a major part of a recording apparatus using a recording head cartridge according 
40 to an embodiment of the present invention. 

Rgure 42 is a perspective view of an information processing apparatus having a buift-in recording apparatus 

according to an embodiment of the present invention. 

Rgure 43 is a block diagram of an electric circuit in the information processing apparatus according to an embodi- 
ment of the present invention. 

45 Rgure 44 is a flow chart of sequential recording operations in an apparatus according to an embodiment of the 
present invention. 

Rgures 45A and 45B are sectional and top plan views of a conventional device. 
Rgure 46 is a sectional view of a conventional device. 
Rgures 47A and 47B are sectional and top plan views of a conventional device. 
so Rgure 48 is a sectional view of a conventional device. 
Rgure 49 is a sectional view of a conventional device. 
Rgure 50 is a sectional view of a conventional device. 

[0020] Rgure 1 is an exploded perspective view of a valve mechanism included for illustrative purposes and not falling 
55 within the scope of the invention claimed. This valve mechanism comprises an air communication port 11, a pressure 
chamber 4 communicating with the communication port 1 1 = 5 mm, for example), a thin film 12 (Mylar sheet a single 
sheet although a few lines are drawn to show the thickness thereof, in the Rgure) (tj = 15 mm, t 3 = 0.04 mm, for exam- 
ple) covering the pressure chamber, a confining member (plate) 13 (T = 5 mm, for example) for fixing the thin film to the 



4 



EP 0 562 717 B1 

body of the container. Between the thin fflm and the container body, sealing liquid 14 such as silicone oil or the (ike is 
x provided to improve the sealing performance. 
' [0021] Figures 2A and 2B are sectional views along a length and width of the confining member. As shown in these 
Figures, the thin fflm 12 is confined at positions which are symmetrical about the communication port 1 1 , by the confin- 

5 irtg member 1 3. Thus, the portion covering the pressure chamber 4 is not confined. In this valve mechanism the portion 
of the rOm not confined by the confining member is raised by the pressure transmitted to the pressure chamber 4 
through the communication port 1 1 . so that the gas is released through the communication port 11, the pressure cham- 
ber 4 and the clearance between the ink container body and the thin fflm. The pressure chamber 4 has a sectional area 
which is larger than that of the communication port, but it may be the same or smaller than the communication port. 

w However, in the case of this structure the manufacturing process is simpler because what is required is to form a small 
diameter communication port in the container main body. In addition, the area of the opening contacted to the thin film 
influential to the operating pressure of the valve mechanism can be easily adjusted by the provision of the pressure 
chamber 4. 

[0022] In order to permit free rise of the film, and also to permit rise thereof with proper pressure, a part of the surface 
is of the confining member (corner portions) are removed in a suitable range, as indicated by K in Figure 2A. 

[0023] The operating pressure of the valve mechanism is influenced by area of sheet surface in the pressure chamber 
(the area onto which the pressure acts), area in which the sealing liquid is applied, material or diameter (area) of the 
thin fflm or sheet a thickness thereof, material of the oil, range or area confined by the confining plate or the like. 
[0024] The operating pressure can be easily adjusted by changing the pressure applying area, the thickness of the 
20 thin fflm and the viscosity of the sealing liquid, with the other parameters fixed. 

[0025] The following Table 1 shows exarrples of relations between the operating pressure difference and the oil vis- 
cosity, the thickness of the film and the area (diameter) of the pressure applying part. 



Table 1 



Operating pressures unit: (mmAq) 



Fixed spec. 


Rim material Mylar (thickness: 0.04 mm) 


Film Diameter 0 15 (mm) 


Sealing liquid Silicone oil 


Acting portion (dia. mm) 


05 


07 


Oil viscosity (est) 




1000 


3000 


6000 


6000 


Film thickness (jim) 


40 


60 


70 


80 


60 


25 


50 


60 


70 


30 


16 


10 


30 


50 


10 



40 

The operating pressure can be controlled by changing the area of the film, property of the sealing liquid and the diam- 
eter of the pressure application part and the assembly of the valve mechanism is easy because of the number of parts 
is small. 

[0026] The material of the thin fflm of the valve mechanism is not limited to the above-described Mylar sheet but 
45 another material is usable if the deterioration with time is small, the material is not influenced by the sealing oil, and the 
suitable elasticity is exhibited. Typical materials include aluminum, phosphor bronze, stainless steel (SUS) or another 
metal film; polyethylene (PE), polypropylene (PP) f polyethylene terephthalate (PET), polyamide, polyester or another 
plastic film. The surface roughness thereof is preferably not more than 6.3 from the particular standpoint of the henmet- 
ical sealing. 

so [0027] Any sealing liquid is usable if it is non-volatile, but from the standpoint of stabilization of the valve performance, 
it preferably has a suitable temperature-viscosity property, durability against ambient condition change, and is not easily 
oxidized or wetted. Examples of such materials include polybutene, polybutane. Teflon oil or the tike. 
[0028] Referring to Figures 3A and 3B, another valve mechanism included for illustrative purposes and not falling 
within the scope of the invention claimed will be described in which two of such a valve mechanism are used to control 

55 bidirectional gas flows. Figures 3A and 3B are front and longitudinal sectional views of a valve unit according to this 
embodiment. In the valve unit of this embodiment, two valve mechanisms each having the foregoing structure are used. 
The same reference numerals as in Figures 1 and 2 are assigned to the corresponding functions, and the detailed 
description thereof are omitted for simplicity. 
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[0029] In this valve mechanism plural valves are constituted into one unit, and therefore, even in the case that the 
valve mechanism can not be directly mounted to the container because of the configuration thereof or the like, the valve 
unit 1 9 may be assembled as a separate member, and can be mounted thereto. This permit a higher design latitude for 
the container without difficulty. In addition, even if the liquid container has a complicated configuration, what is required 
5 is only to use this valve unit, and therefore, the design work is easy and short and the manufacturing and designing can 
be carried out more efficiently. 

[0030] The foregoing valve mechanism is easy to manufacture and to finely control the operating pressura However, 
for the bidirectional flow control, two valve mechanisms are used, and therefore, further improvement is desirable for 
the bidirectional flow control. 

w [0031] Referring to Figures 4 and 5, an embodiment of the present invention will be described, in which the valve 
mechanism has the above-described advantageous effects, and the size can be further reduced. Figure 4 is a sectional 
view of a bidirectional air vent mechanism, and Figure 5 is an exploded perspective view of the same. Figure 6 illus- 
trates the flow of the gas when the internal pressure is higher than the external pressure. Figure 7 shows the introduc- 
tion of the air when the internal pressure is tower than the external pressure. 

75 [0032] In Figure 4, a supporting portion 1 which is a part of the external wall of the container is provided with a circular 
first opening. The opening 2 is covered with a combination of a first circuit thin film 3 and a second circular thin film 5 
having a diameter smaller than that of the first thin film, so that they are concentric with the opening 2. 
[0033] The thin film 3 is provided with a second opening 4 at the center thereof. The diameter thereof is smaller than 
that of the thin film 5. The thin film 5 is contacted to cover the opening 4 of the thin f Om 3, and it is smaller than the open- 

30 ing of the supporting portion 1 and is received in the opening 2 thereof. The supporting portion 1 , the thin film 3 and the 
thin film 5 are closely contacted by sealing liquid (sealing means) such as silicone oil or the like. A proper quantity of 
the sealing liquid is applied to the hatched region in Figure 5 so that sufficient contact force is produced, and in addition, 
the container is closed when there is no pressure difference between outside and inside of the container. 
[0034] The sealing liquid is non-volatile, as described in the foregoing embodiment. It is preferably has a viscosity of 

25 1000 - 5000 est. Further preferably, the property such as viscosity thereof is less influenced by temperature change. 
[0035] Referring to Figures 6 and 7, operation of the valve of this embodiment will be described. When the internal 
pressure of the container increases relative to the external pressure thereof, the thin films 3 and 5 are raised toward 
outside of the container. At this time, the thin film 5 is urged to the thin film 3, and therefore, the opening 4 of the thin 
film 3 is maintained closed by the thin film 5. 

30 [0036] When a predetermined pressure difference is reached, the sealing liquid between the thin film 3 and the sup- 
porting portion 1 is partly released, so that an open flow path is established, as shown in Figure 6. 
[0037] When, on the contrary, the internal pressure reduces relative to the external pressure, the thin film 3 is urged 
to the sipporting portion 1, and therefore, the contact portion between the supporting portion 1 and the thin film 3 is 
maintained closed. On the other hand, the thin film 5 is pressed by the pressure through the opening 4 of the thin film 

35 3. When the pressure difference reaches a predetermined level, the sealing liquid between the thin film 3 and the thin 
film 5 is opened, so that a flow passage is established as shown in Figure 7. When the inside vacuum reduces by the 
release, the valve is quickly closed by the elasticities of the thin films 5 and 3 and the surface tension of the viscous 
sealing liquid therebetween. 

[0038] The threshold pressure for the opening of the bidirectional air vent valve, can be controlled by some factors. 
40 For example, the opening pressure threshold when the internal pressure increases as shown in Rgure 6, may be deter- 
mined by the contact area between the supporting portion 1 and the thin film 3, an area of the opening 2, and viscosity 
and surface tension of the elastic viscous sealing, material. By suitably controlling these parameters, the opening 
threshold pressure can be adjusted. 

[0039] On the other hand, the opening threshold pressure when the internal pressure decreases, as shown in Figure 
45 7, is determined by the contact area between the thin film 3 and the thin film 5. an area of the central opening 4 of the 
thin film 3, the elasticity of the thin film 5, and viscosity and surface tension of the sealing material between the thin film 
3 and the thin film 5. By suitably controlling these parameters, a desired opening pressure threshold can be determined. 
[0040] Referring to Figures 4 and 5, the description will be made as to the manufacturing of a container having the 
bidirectional air vent according to this embodiment of the present invention. In Figures 4 and 5, the container is made 
so of polypropylene resin material and has a surface 20 mm x 20 mm having the air vent valve, a length in a perpendicular 
direction of 40 mm, and all wall thickness of 1 mm. The wall having the air vent is provided with an opening 2 having a 
diameter of 9 mm. A polyethylene terephthalate (PET) film (trade name: Embred available from Yunichika Kabushiki 
Kaisha. Japan) having a thickness of 25 microns and a diameter of 10 mm and also having a concentric opening of a 
diameter of 2 mm, and a circular film of the same material having a diameter of 8 mm, are assembled as shown in Fig- 
55 ure 5, using silicone oil (trade name: TSF-3000, available from Shinetsu Kagaku Kabushiki Kaisha, Japan). 

[0041 ] A pump is connected to this container, and a pressure sensor is placed in the inside of the container. The pres- 
sure change is measured while sucking or injecting the air. When the air is injected, the valve opened when the internal 
pressure is approx. 300 Pa higher than the external pressure, and it is quickly closed. When the air injection is repeated, 
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the opening and closing actions are repeated. On the other hand, when the air was sucked out, the valve opened when 
the internal pressure became approx 600 Pa lower than the external pressure, and the valve was quickly closed. When 
■ the sucking operation was continued, the above actions were repeated. 
[0042] Referring to Figure 8, a further embodiment of the present invention will be described. Figure 8 is an exploded 
5 perspective view of a bidirectional air valve mechanism of this embodiment. In Figure 8, there is provided a circular por- 
tion 6 around the supporting portion 1 on which the thin film 3 is mounted to prevent deviation, in addition to the ele- 
ments in the foregoing embodiment. The external dimensional and material of the container and the dimensions and 
material of the thin film, are the same as in the foregoing embodiment. The diameter of the deviation preventing portion 
6 is 15 mm, and the thin film 3 having a diameter of 14 mm is accommodated in the stepped portion. 
w [0043] By the provision of the preventing portion 6, the positional deviation of the thin film 3 due to the repeated oper- 
ation can be prevented, and therefore, the reliability of the valve mechanism increases. When the valve mechanism is 
assembled, the thin film 3 can be easily correctly positioned, and therefore, the manufacturing becomes easy. 
[0044] Referring to Figure 9, a bidirectional air vent valve mechanism according to a further embodiment of the 
present invention will be described. Figure 9 is an exploded perspective view of the valve mechanism of this embodi- 
es merit 

[0045] In Figure 9, a protection member 7 and a cover 8 were provided at such outside and inside position of the air 
vent or air valve as is not contacted to the thin film. Figures 1 0 and 9 are side sectional views after being assembled. In 
Figure 10, a protection member 7 extends over the opening 2 of the supporting member 1 , and the airflows through the 
gap between the protection member 7 and the opening 2. In addition, a wall 9 is provided along the outer configuration 
20 of the container around the supporting portion 1 , and a protection cover 8 is provided thereabove which is bonded by 
bonding material or the like. 

[0046] In this embodiment, the air valve has the same dimensions as in the foregoing embodiment. The gap between 
the protection member 7 and the thin film 5 was 0.5 mm, and the gap between the thin film 3 and the cover 8 was 0.8 
mm. The valve is evaluated in the same manner as in the foregoing embodiment, and the results were substantially the 
25 same. 

[0047] According to this embodiment, the thin film means of the air valve is not accessed from the outside of the con- 
tainer, and therefore, is substantially free of introduction of foreign matters. In addition, the content of the container is 
prevented from contacting to the thin film in such a manner as to obstruct the operation of the air valve. Therefore, the 
structure is practical. The structure of the protection member 7 is not limited to the above-described structure. However, 
30 any structure is usable if the gas flow is assured without obstruction to the operation of the thin film 5, that is, rf it is larger 
than the diameter of the thin film 5 and has a recess having a sufficient depth not to obstruct the operation of the valve. 
The structure of the cover 8 is not limited to the above-described, but it may be any rf the gap is assured so as not to 
obstruct the operation of the thin film 3. The structure of this embodiment for covering the thin film, is usable for any of 
the foregoing embodiments. 

35 [0048] Referring to Figure 1 1 , a valve mechanism according to a further embodiment of the present invention will be 
described. Figure 11 is an exploded perspective view of a bidirectional air valve according to this embodiment. 
[0049] tn this Figure, the opening 2 of the supporting member 1 is square or rectangular, and there are cylindrical 
projections adjacent one side of the opening 2. The projection 20 extends from a base which is slightly lowered as 
shown in the Figure from the surface of the supporting portion. The thin film 5 has a dimension to be received by the 

40 opening 2 of the supporting member 1 and has holes corresponding to the projections 20. The thin film 3 has a dimen- 
sion sufficient to cover the opening 2 of the supporting portion 1 and has an opening 4 substantially at the center thereof 
and also has holes corresponding to the projections 20. The holes of the thin films 3 and 5 are set to the projections. 
The contact surfaces are coated with the sealing material such as silicone oil. 

[0050] At this time, the opening 4 of the thin film 3 is completely closed by the thin film 5, and the thin film 3 is so 
45 constructed as to cover the opening 13 of the supporting member 1 and the lowered portion or recess 21. Similarly to 
the foregoing embodiment, in order to prevent the erroneous operation due to the external foreign matter, a cover 18 is 
used. According to this embodiment, the possible deviation of the thin film 3 and the possible deviation of the thin film 
5 can be prevented. 

[0051] In the foregoing embodiment, the fine adjustment of the operation is possible, and the manufacturing is easy. 

so In the embodiment which will be described in the following, the stability of the operation is further improved. 

[0052] in the foregoing valve mechanisms, the sealing material is applied between the thin film and the container or 
the protection member to enhance the sealing property. With repetition of the opening and closing operation of the valve 
mechanism, the sealing material may be deposited on the internal wall of a recess of the container. This is because 
when the air is released to the outside by the internal pressure, the sealing material is pushed to the inside surface of 

55 the wall by the released air at the position where the thin film 3 is raised to provide the releasing passage. If this occurs, 
the outer edge of the thin film 3 may be kept raised by contact with the top of the sealing material 20 deposited on the 
inner surface of the wall, as show in Figure 12. In this case, the thin film 3 of this portion is not contacted to the recess 
5, so that the communicating state between the inside and outside of the container are kept This means that the valve 
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mechanism does not operate correctly. Referring to Figure 13, a way of solving the above problem will be described. 
Figure 13 is a sectional view of a valve not falling within the scope of the invention claimed. Figure 14 is an exploded 
perspective view of the valve of Figure 13. 

[0053] The container 1 is made of polypropylene resin material, and the dimension of the side having the air vent is 
5 20 mm x 20 mm, and the length in the direction perpendicular to the side is 40 mm, and the thickness of all of the wall 
portions is 1 mm. The side having the air valve is provided with an opening 2 having a diameter of 9 mm. A recess 5 
having a diameter of 1 5 mm and a depth of 1 mm is formed around the opening 2. The thin film 3 has a thickness of 25 
microns and a diameter of 14 mm and is made of polyethylene terephthalate (PET) film (trade name: Embred available 
from Yunichika Kabushiki Kaisha, Japan). The thin film 3 is mounted to the bottom surface of the recess 5 so as to cover 
10 the opening 2, using silicone oil (TSF-3000, available from Shinetsu Kagaku Kabushiki Kaisha) as shown in Figure 13. 
The inside surface of the recess 5 is provided with four cut-away portions 10 at regular intervals, wherein the cut-away 
portion 10 is a part of a circle having a diameter of 1 mm. 

[0054] The container 1 is connected with a pump through an unshown opening, and a pressure sensor is placed in 
the container. The pressure change was detected while injecting the air into the container, and the valve mechanism is 
75 evaluated. As a result, when the air was injected, the valve opened when the internal pressure becomes approx. 300 
Pa higher than the external pressure, and it quickly closed. When the injection was continued, the actions were 
repeated. The pressure at the instance when the valve opens is called releasing threshold pressure, and the pressure 
at the instance when the valve is dosed is called closing threshold pressure 

[0055] The following has been observed. The thin film 3 is vent at the portions corresponding to the cut-away portions 
20 10, and then, the silicone oil gradually moves. The moved silicone oil is collected into the cut-away portions 10, and 
therefore, the thin film 3 is prevented from being kept raised by the silicone oil. 

[0056] A recess is provided to receive the thin film 3 with the silicone oil therebetween. However, as shown in Figure 
15, the contact portion may be in the form of projections, and the cut-away portion is provided around the projections. 
[0057] Figure 16 is an exploded perspective view of a valve mechanism not falling within the scope of the invention 

25 claimed in which the circumferential periphery of the thin film 3 is provided with cut-away portions. 

[0058] The cut-away portion 1 0 is a part of a circle having a diameter of 1 0 mm. The cut-away portion 1 0 is provided 
at four peripheral positions of the thin film 3. The operation is observed, and it has been confirmed that similarly to Fig- 
ures 1 4 and 1 5, the silicone oil is corrected to the portion corresponding to the cut-away portion 1 0 of the bottom surface 
of the recess 5, and therefore, the opening and closing of the thin film 3 is not obstructed due to the deposition of the 

30 silicone oil on the inside surface of the recess 5. 

[0059] In addition, when the valve opens, the thin film is raised at the position of the cut-away portions, and the inside 
of the container communicates with the outside through the cut-away portions 10. Since the distance between the cut- 
away portion 10 and the opening 2 is short, and therefore, the releasing threshold pressure is as low as 250 Pa. Partic- 
ularly, the initial valve opening level can be made lower than in the conventional valve. 

35 [0060] The closing and opening threshold pressures are determined in accordance with the area of the cut-away por- 
tions 10, the configurations thereof and the number thereof. Therefore, the required releasing threshold pressure and 
the closing threshold pressure, are properly determined by changing these parameters with fine adjustment 
[0061] Figure 17 is an exploded perspective view of a valve mechanism not falling within the scope of the invention 
claimed in which four cut-away portions 10 are formed in an inside surface of the recess 5 and the inside surface of the 

40 opening 2, respectively, as in the foregoing embodiment In addition, the circumferential periphery of the thin film 3 is 
provided with four cut-away portions. 

[0062] By the provision of the cut-away portions 1 0 in the inside wall of the recess and the thin film 3 and the internal 
wail of the opening 2, the obstruction of the valve opening attributable to the stagnated silicone oil can be avoided. In 
addition, the opening action is stabilized, and the releasing threshold pressure is further lower than in the foregoing 
45 example. 

[0063] Figure 18 is an exploded perspective view of the valve mechanism according to a yet further embodiment of 
the present invention. 

[0064] In Figure 18, the container 1 is made of polypropylene resin material, and the dimensions thereof are as fol- 
lows. The side having the air valve is 20 mm x 20 mm, and a length orthogonal to the side is 40 mm, and the thickness 

so of all of the wall is 1 mm. A recess 5 having a depth of 1 mm and a diameter of 1 5 mm is formed around the opening 2. 
A thin film 8 has a thickness of 25 mm and a diameter of 14 mm and is made of polyethylene terephthalate (PET) fOm 
(Embret) provided with a concentric opening 7 having a diameter of 2 mm. These thin f Oms 8 and 9 are mounted to the 
bottom surface of the recess 5 so as to cover the opening, as shown in Figure 18, using (TSF-3000, available from Shi- 
netsu Kagaku Kabushiki Kaisha)to provide a bidirectional valve. The recess 5 and the opening 2 are provided with 

55 respectively four cut-away portion in the form of a part of a circle having a diameter of 1 mm. 

[0065] The container having the valve mechanism according to this embodiment is connected with a pump through 
an opening not shown, and a pressure sensor is placed in the container. The pressure change was measured while 
sucking and injecting the air. As a result, when the air was injected, the valve opened when the internal pressure 
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becomes approx. 250 Pa higher than the external pressure, and it was quicWy closed. When the injection was contin- 
ued, the actions were repeated When, on the other hand, the inside air was sucked out, the valve opened when the 
' internal pressure becomes approx. 500 Pa lower than the external pressure, and it was quickly dosed. When the suck- 
ing operation was continued, the actions were repeated. 

s [0066] The cut-away portions 1 0 function as escapes for the silicone oil, and the obstruction to the closing and open- 
ing of the thin film 8 attributable to the stagnation of the silicone oil at the internal wall of the recess 5, was avoided. With 
respect to the thin film 9, the cut-away portion 10 provides the escape for the silicone oil, and therefore, the obstruction 
to the opening and closing action of the air valve attributable to the deposition of the silicone oil to the outer periphery 
of the opening was properly avoided. 

w [0067] Figure 19 is an exploded perspective view of a valve mechanism according to a further embodiment of the 
present invention. What is different from the foregoing embodiment is that the cut-away portion 10 are not provided in 
the internal wall of the recess 5 and the internal wall of the opening 2, but four cut-away portion 4 are provided at the 
circumferential peripheries of the thin films 8 and 9, the cut-away portion 10 being a part of a circle having a diameter 
of 1 mm. 

15 [0068] Also, with this structure, the opening and closing actions of the air valve are not disturbed by silicone oil stag- 
nation. The following has been confirmed. The inside and outside of the valve communicate through the cut-away por- 
tions 10. Since the distance between the cut-away portion and an end of the opening is short upon the opening action, 
the opening threshold pressure is as low as approx. 500 Pa upon pressure reduction. Particularly the initial threshold 
upon the opening of the valve is lower than the conventional valve. In addition, when the valve closes, the close contact 

20 area of the thin film does not reduce very much because of the provision of the cut-away portions, that is, since the sum 
of the surface tension of the silicone oil does not reduce very much, a reliable closing threshold pressure of approx. 250 
Pa can be obtained. Thus, good pressure responsivfty is obtained with small difference between the releasing threshold 
pressure and the closing threshold pressure. 

[0069] Referring to Figure 20, there is shown a valve mechanism included for illustrative purposes and not failing 
25 within the scope of the invention claimed. Figure 20 is an exploded perspective view of this valve mechanism and Figure 
21 is a partly broken perspective view of the valve mechanism of Figure 20. As shown, a unidirectional valve is provided 
or pressure reduction is added to a unidirectional valve mechanism for pressure increase, as in the example of Figure 1 . 
[0070] In Figures 20 and 21 , in the opening 2 having a diameter of 9 mm, a thin film 3 having a thickness of 25 microns 
and a diameter of 14 mm is closely contacted to the bottom surface of a recess of the container by silicone oil. When 
30 the pressure in the container increases, the thin film 3 opens and closes. When the internal pressure reduces, the thin 
film 3 is urged to the bottom surface of the recess, and therefore, does not operate. The dimension of the thin film 13 
covering the opening 12 is the same as that of the thin film 3 for the increasing pressure. The thin film 13 (Figure 21) is 
closely contacted to the internal wall of the container by the silicone oil. When the pressure decreases, the thin film 13 
opens and closes the valve When the pressure increases, the thin film 13 is urged to the opening 12, and therefore, 
35 does not open. 

[0071] With this structure, cut-away portions 10 which is a part of a circle having a diameter 1 mm, are formed in the 
circumferential periphery of each of the thin film 3 and 1 3, by which escapes for the silicone oil are provided, thus elim- 
inating obstruction to the opening and closing action of the thin films 3 and 13. 

[0072] Further improvements will be described. The improvements are applicable to the foregoing embodiments. The 
40 general structure of the valve mechanism is the same as any one of the foregoing embodiments, and therefore, the 
descriptions will be made as to the features of the embodiments. 

[0073] Figure 22 is a sectional view of a part of a valve mechanism, applicable to the valve mechanisms of Figure 1 
or the like. As shown in Figure 22, the thin film 3 is roughened at the surface contactable to the sealing material 1 1 , so 
that the surface is roughened to a proper extent. As for the method of the roughening, sandblast treatment or mechan- 

45 ical treatment are available As a further alternative, the roughness can be provided by the molding of the thin film. 
Other methods are usable. The supporting portion 1 and the thin film 3 are closely contacted with the sealing material 
1 1 such as silicone oil or the like therebetween. The contacting nature of the sealing material 1 1 provides the closure 
when there is substantially no pressure difference, and a predetermined thickness of the coating of the sealing material 
1 1 is assured by the proper roughness of the surface of the thin film. 

so [0074] The sealing material may be the same as described hereinbefore. 

[0075] In this example, by the proper roughness of the thin film 3, the proper air flow passage may be established in 
the sealing material even after the valve is left closed for the long period of time, and a very low pressure difference can 
be finely controlled. In addition, variation in the opening threshold pressure can be minimized. If the degree of the 
roughness is too high, the sealing material is easily flown out, and the difference between the top and bottom of the 

ss roughness is preferably not more than about 20 microns and not less than 1 micron. 

[0076] The thin film having the structure shown in Figure 22 is manufactured in the following manner. The material of 
the thin film 3 was polyethylene terephthalate (PET) film. The thickness thereof was 25 microns, and the diameter 
thereof was 14 mm (circular). The surface of the thin film 3 contactable to the viscous sealing material was sand- 
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blasted, and the difference between the top and bottom of the roughness was 10 microns at maximum and 1 micron at 
pranimum. The material of the thin film 8 was the same. 

[0077] On the other hand, the diameter of the opening 2 was 8 mm, and the diameter of the opening 7 was 4 mm. 
The seeding material was siOcone oil (TSF-1000, available from Shinetsu Kagaku Kabushiki Kaisha). Using it the eie- 

5 merits are assembled as shown in Figure 22. 

[0078] Referring to Figure 23, there is shown a further embodiment in which the valve mechanism of Figure 4 is mod- 
ified by the improvement shown in Figure 22. Figure 23 is an exploded perspective view of a container according to this 
embodiment. The surface of the thin film 23 faced to the supporting portion 21 and the thin film 25 is roughened to a 
proper degree of roughness. The roughening method may be the same as in the foregoing embodiment The thin fflm 

w 25 is closely contacted to the thin film 23 to cover the opening 24 thereof. It is smaller than the diameter of the opening 
of the supporting portion 21, and has such a dimension as to be accommodated in the pressure chamber 22. In this 
embodiment, the size of the opening 27 is reduced as compared with the case of Figure 4, and the operating pressure 
is roughly determined by the provision of a pressure chamber 22. The supporting portion 21, the thin film 23 and the 
thin film 25 are closely contacted by sealing material such as silicone oil or the like therebetween. A proper quantity of 

is the sealing material is applied to the hatched region in Figure 23, and close contact force is produced with the corre- 
sponding surface portion of the thin film 23 in Figure 23. so that the valve dosed state is provided when there is sub* 
stantially no pressure difference, and the predetermined thickness of the layer of the sealing material is assured by the 
proper roughness of the surface of the thin film. The seafing material is the same as in the foregoing embodiment. 
[0079] Because of the proper roughness of the thin film in this embodiment the air flow passage can be quickly estab- 

20 lished in the sealing material, and therefore, the valve is operable with low pressure. 

[0080] In addition, since the clearance is assured by the provision of the roughness in the contact surface between 
the thin film 23 and the sealing material, a further lower releasing threshold pressure, and simultaneously variation of 
the releasing pressure for the individual releasing actions, can be suppressed, thus stabilizing the operation. 
[0081] The container having the structure shown in Figure 23 was manufactured in the following manner. The con- 

25 tainer is of polypropylene material. The side of the container having the valve mechanism has dimensions of 20 mm x 
20 mm, and a length thereof in a direction perpendicular to the side is 40 mm, and the thickness of all of the wall portion 
is 1 mm. The side having the valve mechanism has an opening 2 having a diameter of 9 mm. The thin film 23 has a 
thickness of 25 microns and a diameter of 14 mm, and has a central concentric opening having a diameter of 4 mm. It 
is made of polyethylene terephthalate (PET) film. The surface thereof contacting with the sealing material is sand- 

30 blasted, and the maximum distance between the top and bottom of the roughness is 10-1 microns. The thin film 25 is 
of the same material and has a diameter of 8 mm. They are assembled as shown in Figure 23 using silicone oil (TSF- 
3000, available from Shinetsu Kagaku Kabushiki Kaisha, Japan). 

[0082] The container is connected with a pump, and a pressure sensor is placed therein. The pressure change was 
measured while sucking and injecting the air. As a result, when the air was injected, the valve opened when the internal 

35 pressure became approx. 250 Pa higher than the external pressure, and it closed quickly. When the injection was con- 
tinued, the opening and closing actions were repeated. When the air is sucked out of the container, it opened when the 
internal pressure became approx. 500 Pa lower than the external pressure, and it quickly closed. When the sucking 
operation was continued, the actions were repeated. The same measurements were carried out after the valve was left 
for a long period of time. When the air was injected, it opened when the internal pressure became approx. 300 Pa higher 

40 than the external pressure, and it closed quickly. When the injection was continued, the actions were repeated. When 
the air was sucked out, it opened when the internal pressure became approx. 600 Pa lower than the external pressure, 
and it quickly closed. When the sucking operation was continued, the opening and closing actions were repeated. Thus, 
the stabilized operation of the valve mechanism of this embodiment has been confirmed. 

[0083] As a comparison, the results of experiments of a container using thin films without the clearance maintaining 
45 means, are shown. As regards the injection of the air, when the internal pressure became approx. 300 Pa higher than 
the external pressure, it opened, and it closed quickly. As regards the sucking of the air, it opened when the internal 
pressure became approx. 600 Pa lower than the external pressure, and it quickly closed. After it is left for a long period 
of time, the same tests were carried out. When the air was injected, it opened when the internal pressure became 
approx. 600 Pa higher than the external pressure, and it quickly closed. When the air was sucked, it opened when the 
so internal pressure became approx. 1000 Pa lower than the external pressure, and it quickly closed. Without the clear- 
ance maintaining means, the releasing threshold pressure of the air valve increases after it is left on the shelf for a long 
period of time. In Figure 23, an outlet port is properly provided as in the foregoing embodiment. 
[0084] Figure 24 is an enlarged view of a valve according to a further embodiment. As shown in Figure 24, the clear- 
ance maintaining means is provided by roughening such a surface of the supporting portion 31 as is con ta ctable with 
55 the seafing material and by roughening such a surface of the thin film 35 as is contactable to the sealing material. When 
the pressure difference between the internal and external pressures is lower than the releasing threshold pressure, the 
valve is closed by the sealing material 38 between the thin film 33 and the thin film 35 and the supporting portion 31. 
Because of the proper roughness of the thin film 35 and the supporting portion 31, the predetermined thickness of the 
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silicone oil layer is assured. When a pressure difference is produced between the inside and outside of the container, 
the air flow passage is quickly formed in the sealing material 38 because of the roughness of the thin film 35 and the 
. roughness of the supporting portion 31 . When the pressure difference reduces due to the opening, the air flow passage 
is quickly closed by the elasticity of the thin film and the surface tension of the sealing material 38. 
5 [0085] In this embodiment, the distance between the top and bottom of the roughness is 1 0 microns at the maximum 
and 1 micron at the minimum both for the supporting portion 31 and the thin film 35. The method for producing the 
roughness may be the same as in the foregoing embodiment. 

[0086] Referring to Figure 25, a further embodiment of the present invention will be described. As shown in this Fig- 
ure, a thin film 43, a supporting portion 41 and a thin film 45 are closely contacted with the silicone oil 48 therebetween. 
70 The silicone oil 48 contains particles 49 as clearance maintaining means (spacer). When a pressure difference is pro- 
duced between the inside and outside of the container, air flow passage is quickly formed in the sealing material. By the 
formation of the passage, the pressure difference reduces, and then, the passage is quickly closed by the elasticity of 
the thin films and the surface tension of the sealing material. 

[0087] The particles 49 are preferably of a material not influenced by the sealing material such as silicone oil. The 

is material may be metal or resin. The particle sizes are preferably uniform, since otherwise smaller particles move the 
clearance defined by a large particles with the result of the small particles are concentrated at a limited area, so that 
the intended function is deteriorated. Empirically, the particle size is preferably 5 - 20 microns, approximately. 
[0088] Further improvement will be described. When the valve mechanisms according to the foregoing embodiments 
are used, it is preferable to use a protection member for covering the thin films to prevent introduction of external foreign 

20 matters or unintended access to the thin film. 

[0089] However, the inventors investigations and experiments have revealed that, as shown in Figure 26, particularly 
under the high temperature and high humidity condition, the raised valve may be contacted to the corresponding sur- 
face of the protection member due to condensed water. Since the bending stress of the valve itself is small, the contact 
between the protection member and the valve may be stronger by the resilient restoring force after the pressure has 

25 been released. If this occurs, the valve is kept opened. 

[0090] In the following embodiments, the general structure of the valve mechanism and the operation thereof are the 
same as in the foregoing embodiments, and therefore, the description will be limited to the different portions in the fol- 
lowing descriptions. Figure 27 is a sectional view of a container having a valve according to a further embodiment of the 
present invention. Figure 28 is an exploded perspective view thereof. In the Figure, an outlet for dispensing the content 

30 of the container is not shown, but may be provided at proper positions. A protection member 8 of this embodiment is 
disposed at such a position as not to obstruct the action of the thin film 4 and the action of the thin film 5. The portions 
corresponding to the thin films are formed into projections, as shown in the Figure. As shown in Figure 29, the thin film 
may be contacted to the protection member when the valve operates. However, according to this embodiment, the con- 
centric circular projections 6 are provided on the surface of the protection member 3 corresponding to the thin film 3, 

35 and therefore, even if the thin film 3 is going to closely contacted to the protection member 8, the projections 6 prevent 
it The preferable positions of the projections 6 of the protection member are outside a next end for the release to the 
ambience and inside positions where the thin film is contactable to the protection member. 
[0091] Figures 30A, 30B and 30C show different configurations of the projections 6 faced to the thin film. In Figure 
30A, the projections are radially formed, with which the sticking of the thin film to the protection member can be avoided 

40 irrespective of the way of rising of the thin film. In Figure 30B, the projections are semi-spherical. In Figure 30C, the 
inside wall of the protection member is waved. The projections 6 are provided by the wava Here, an opening for per- 
mitting air passage is omitted, but may be provided at proper position. Now, a liquid container capable of supplying liq- 
uid therein with stabilized pressure by using the valve mechanism of this invention, will be described. 
[0092] The present invention is not limited to the recording, but is applicable to any liquid container, but the description 

45 will be made as to the ink container for recording. 

[0093] Figure 31 is a perspective view of a liquid container. An ink container 1 functioning as a second container is 
provided with a valve 10 for adjusting the pressure in the ink container. In Figure 31, only one valve is shown, but the 
number thereof may be plural depending on the desired adjustment of the pressure in the container. The container is 
connected with a recording head which is to be supplied to the ink in the container, by three connecting pawls 16. 

so Through an ink supply port 27, the ink is supplied to the recording head. 

[0094] Figure 32 is a sectional view of the ink container of Figure 31 , which is provided with a valve mechanism for 
controlling air flow between the inside of the container and the outside thereof. In this Figure, two valves 10 as shown 
in Figure 1 are used. As shown in the Figure, the ink container 1 is sealed when the inside and outside pressures of the 
ink container are balanced. 

55 [0095] In the ink container 1 , there is an ink bladder 2 (first container) for directly containing liquid ink. An ink supply 
port 3 is formed in the ink bladder 2 to supply the ink 5 from the inside thereof to the recording head. The port 3 pene- 
trate through a part of the wall of the ink container 2. 

[0096] The ink bladder is of sufficiently flexible material, and therefore, the capacity of the ink in the container can be 
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made equal to the volume of the ink container. Therefore, the ratio of the accommodated ink to the volume of the ink 
container can be increased significantly as compared with the case in which the ink is accommodated in porous mate- 
rial contained in the ink container. Therefore, the device having the ink container can be reduced in the size thereof. 
[0097] The inside of the ink bladder 2 and the space between the ink bladder (second container) and the ink container 

5 (first container) are completely separated. Thus, the double structure is established by the ink container (second con- 
tainer) provided with the valve mechanism and the ink bladder (first container) for directly retaining the ink The pressure 
of the gas in the space 6 therebetween can be adjusted, so that the ink can be supplied to the ink receiving side without 
the possibility of the ink leakage to the outside. When the recording head receiving the ink and the ink container are not 
connected, the communication between the ink bladder inside and the recording head is stopped by a rubber plug 9 

w and a ball urged to the direction of closing the passage 28 by resilient member such as confining spring 7 or the like. 
[0098] In this valve mechanism, two valves are used to adjust the pressure in the space 6 relative to the external pres- 
sure. The upper valve is a one way valve capable of permitting gas flow from the space 6 to the outside of the ink con- 
tainer, and the right valve is for permitting gas flow into the space 6. In this example, the one way or unidirectional valve 
as shown in Figure 1 is used, but it may, in an embodiment, be a bidirectional valve. 

1$ [0099] Rgures 33 and 34 show an example of a recording head unit in which the liquid container is connected with 
the recording head 34 or 17. When it is connected with a recording element a pipe 18 projected from the recording ele- 
ment pushes the ball 8 of the container toward the ink container against the spring force of the spring 7, thus separating 
the ball from the rubber plug 9 of the communication passage 28, by which the ink can be supplied from the ink bladder 
to the recording head 34 or 1 7. 

20 [0100] The operation of this liquid container will now be described. When the pressure Pin in the container is substan- 
tially equal to the pressure Pout outside the container, and when the container is not connected with the recording head, 
or the recording apparatus of an ink jet recording apparatus connected with the container is not operated, and therefore, 
the ink is not consumed, the thin films of the two valves 31 and 32 are closely contacted to the sealing material applied 
surface 15 which is a part of the ink container, with the sealing material therebetween, provided that the ambient con- 

25 dition (temperature, pressure or the like) does not change. Therefore, the inside and outside of the container are com- 
pletely separated. 

[01 01 ] When the pressure in the space 6 is lower than the external pressure, for example, as when the recording oper- 
ation is carried out so that the ink is discharged through the supply port with the result of the reduction of the volume of 
the bladder (during the recording operation, the proper negative pressure at the nozzle position of normal ink jet record- 
so ing head is 0 - -150 mmAq), the ink ejection would not be in good order if the negative pressure is too large. In an 
extreme case, the ink would not be ejected. Even if the negative vacuum is 0, the vacuum is quickly increased by the 
small consumption of the ink. The vacuum in the space 6 increases with consumption of the ink. However, as long as 
the vacuum is not influential to the recording operation, the valves 31 and 32 are maintained closed as shown in Figure 
35A by the settings of the operating pressures. 
35 [0102] With the consumption of the ink, the vacuum further increases. The vacuum is preferably not too high in the 
space 6. Therefore, when the pressure difference becomes higher than a predetermined pressure difference 5PI 
(5PI < Pout - Pin ), that is, when the force applied to the thin film (Mylar sheet) of the valve 32 by the pressure difference 
Pout * Pin, exceeds a valve operating pressure 5P1 determined by the close contact force between the thin film and the 
container surface by the sealing liquid and the force tending to deform the thin film, a part of the thin film deforms so 
40 that the thin film is separated from the sealing material applied surface 1 5, and the external air is introduced into the ink 
container through the clearance (Figure 35B). As a result, the vacuum in the space 6 is eased, and therefore, the vac- 
uum in the ink bladder is eased, so that the pressure of the ink is properly controlled. When the vacuum is reduced, the 
deformed thin film restores the original position, so that the communication between the space 6 and the outside of the 
container is separated again. The operating pressure of the valve 32 is preferably selected so as to provide the pressure 
45 at the nozzle of the recording head, 0 - -150 mmAq. On the other hand, in order to provide the proper pressure at the 
nozzle position, the internal pressure of the container is different depending on the level of the position of the liquid con- 
tainer and the level of the position of the nozzle supplied with the ink. However, the selection may be made such that a 
sum of the pressure difference due to the level difference and the pressure of the liquid in the container is within the 
above range. 

so [01 03] When Pin > Pout, on the other hand, for example, when the external temperature increases without consump- 
tion of the ink, gas in the space 6 expands by the heat with the result that the pressure Pin becomes higher than the 
pressure Pout. However, when the pressure difference Pin - Pout between the space 6 and the outside of the container 
increases beyond the operating pressure 6P2 of the valve 31 , the valve 31 opens to permit communication between the 
space 6 and the outside, by which the expanded portion of the gas is discharged to the outside. Thus, the pressure Pin, 

ss that is, the pressure in the ink bladder is eased. Therefore, the ink liquid is not leaked in the part supplied with the ink, 
such as the ink jet recording head. 

[0104] The operating pressure difference 5P2 = Pin - Pout is desirably as close as possible to 0. However, the pres- 
sure difference is satisfactory if it is within the range not permitting the ink to leak at the recording head. The pressure 
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is different depending on the nature of the ink and the state of the nozzle of the recording head, but it is generally not 
more than 150 mmAq at the nozzle position. 

[0105] When the ambient pressure around the ink container changes as in the case that it is transported in air plane, 
the similar operation is carried out so that the pressure is adjusted in response to the pressure change, so that the ink 
leakage due to the pressure change can be prevented. 

[01 06] When the external pressure lowers to a degree beyond the tolerable pressure of the space 6, the action shown 
in Figure 35C occurs. On the contrary, if the pressure of the space 6 exceeds beyond the tolerable range, the action 
shown in Figure 35B occurs. Hie structure and the operating pressures of the valves 32 and 31 are adjusted in accord- 
ance with the specifications of the recording device. However, the adjustment is relatively easy in the valve mecha- 
nisms, as described hereinbefore. 

[0107] Figure 36 is a liquid container having a valve mechanism unit shown in Figure 3. In this embodiment, the valve 
unit 19 is retained in a unit holder V which is a part of the ink container 1. By the respective valves in the valve unit, the 
pressure in the space between the ink container 1 and the ink bladder 2 is adjusted in the manner described in the fore- 
going embodiment. By the use of the valve mechanism unit a further compact liquid container which is easy to manu- 
facture, can be provided. 

[0108] Figure 37 shows another example of a liquid container using another valve mechanism. The valve mechanism 
is in the form of an envelope constituted by a flexible sheet and having an opening at one side (valves 20 and 21). One 
end portion 22 of the valve communicates with a port 23 of the ink container body, and the opposite end 24 is opened. 
A non-volatile oil 26 is used as the sealing material as described above and is applied to the inside surface 25 of the 
envelope, and therefore, the inside surfaces of the envelope are dosely contacted. Similarly to the foregoing example, 
when the pressure difference is not large, the gas does not flow between the outside of the container and the inside 
thereof. 

[01 09] One 20 of the valves functions to adjust in-flow of the air from the outside, and the other 21 of the valves adjust 
the out-flow of the gas from the space between the ink bladder and the ink container to the outside of the ink container. 
At a predetermined pressure 6P3 = Pin - Pout (valve 21) between the space and the outside of the container or at the 
pressure difference 8P4 = Pout • Pin (valve 20), the pressure acting to the inside surface 25 of the valves 20 and 21 
exceeds the close contact force between the sheets due to the existence of the oil 26, so that the contact between the 
sheets are released to permit gas flow. As a result, the pressure in the space is similarly controlled. 
[01 1 0] Referring to Figure 38. a further embodiment will be described, in which the the liquid container having the bi- 
directional air valve of Figure 4 is used. The top part of the ink container is provided with the bi-directional air valve. The 
container contains the ink 53. The ink 53 is supplied to the recording head 54 through the supply port 56 and a supply 
tube 55 to the recording head 54. The ink is ejected from the recording head 54 by ink ejecting means in accordance 
with the image signal applied from an unshown signal transmitting means. The recording head 54 is mounted on a car- 
riage of a printer, and the ink container 51 is disposed at a proper position in the printer, which is in a serial printing type. 
[01 1 1 ] According to this embodiment the valve mechanism of this invention is used as the air vent and therefore, the 
stable printing is possible without ink leakage irrespective of the position of the ink container. 
[0112] The quantity of the ink 53 in the ink container 51 reduced in accordance with the printing operation of the 
recording head, and the pressure in the ink container 51 gradually decreases. When it decreases to a predetermined 
level, the valve mechanism operates to prevent the further decrease of the pressure. This function is effective to keep 
the size of the droplets ejected from the recording head 54 within a predetermined preferable range. 
[0113] In addition, when the ink container 51 placed in a high temperature condition or in a low pressure condition, 
the air in the ink container 51 is easily released to the outside through the bi-directional air valve 50, thus preventing the 
ink 53 from leaking out of the recording head. 

[01 1 4] Further more, the bi-directional air valve 50 is usually closed, the evaporation of the ink from the container can 
be prevented. The valve can be easily opened even after it is left on the shelf for a relatively long period, because of the 
provision of the clearance maintaining means. 

[0115] When the improvement of the foregoing embodiment in the reduction of the operating pressure, the opening 
of the air valve is effected quickly, and the pressure of the inside of the container reduces too much with the result of 
the improper printing or ink ejection failure, or it increases too much with the result of the ink leakage. 
[01 1 6] Figure 39 shows another embodiment of the ink container portion of a recording head unit of the ink jet printer, 
wherein the bi-directional air valve of Figure 4 is used. 

[01 1 7] At an end of the ink container 61 , there is provided a bi-directional air valve 60, and an ink bladder 62 for con- 
taining the ink 63 is contained in the container. The ink 63 in the ink bladder 62 is supplied to the recording head 63 
through the supply port 66 of the ink container 61. The ink is ejected through ejection outlets 65 by unshown ejection 
means in accordance with the image signal supplied from unshown signal transmitting means. The ink container and 
the recording head is mounted on a carriage, and the printing operation is effected serially. 

[0118] With the printing operation, the quantity of the ink 63 in the bladder 62 decreases, and the pressure in the ink 
container 61 reduces. When the pressure decreases to a predetermined level, the bi-directional air valve 60 opens, thus 
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preventing further reduction of the pressure. This function is effective to keep the size of the droplets ejected from the 
ejection outlets 65 within a predetermined preferable range. 

[01 19] When the container is placed with the ejection outlets at the bottom, the ink at the ejection outlets is under the 
static head corresponding to the height of the ink. Usually, however, the ink does not leak by the function of the merris- 
5 cus at the ejection outlets, ff the surface having the ejection outlets is wet, and therefore, the meniscus does not function 
property, the ink leaks from the bladder through the ejection outlets. Since, however, in this embodiment, the bi-direc- 
tional air valve 60 is provided, and the releasing threshold pressure at the time of pressure reduction is higher than the 
static head, the liability of the ink leakage is removed. 

[0120] In addition, when the ink container 61 is placed in a high temperature condition or in a low pressure condition. 
w the air in the ink container 61 is easily released to the outside through the bi-directional air valve 60, thus preventing the 
ink from leaking out of the ejection outlets. 

[0121] When the improvement of the foregoing embodiment in the reduction of the operating pressure, the opening 
of the air valve is effected quickly, and the pressure of the inside of the container reduces too much with the result of 
the improper printing or ink ejection failure, or it increases too much with the result of the ink leakage. 
75 [01 22] Figure 40 shows an ink container according to a further embodiment of the present invention, in which the ink 
73 is separated from the air not by a bladder but a movable wall 72. with the consumption of the ink by the recording 
head, the movable wall 72 moves. 

[0123] Also in this ink container, similarly to the foregoing embodiment the ink ejection is stable, and the ink does not 
continuously leaks even if the ejection outlet is wetted. On the other hand, even when the temperature increases, the 

20 air in the container 71 is smoothly released to the outside of the container, and therefore, the ink does not leak out 
[0124] Figure 41 is a perspective view of an ink jet recording apparatus URA in which the present invention is used. 
A lead screw 5005 rotates by way of a drive transmission gears 5001 and 5009 by the forward and backward rotation 
of a driving motor 5013. The lead screw 5005 has a helical groove 5004 with which a pin (not shown) of the carriage He 
is engaged, by which the carriage He is reciprocable in directions a and b. A sheet confining plate 5002 confines the 

25 sheet on the platen over the carriage movement range. 

[01 25] Home position detecting means 5007 and 5008 are in the form of a photocoupler to detect presence of a lever 
5006 of the carriage, in response to which the rotational direction of the motor 5013 is switched. A supporting member 
5016 supports the front side surface of the recording head to a capping member 5022 for capping the recording head. 
Sucking means 5015 functions to suck the record ng head through the opening 5023 of the cap so as to recover the 

30 recording head. 

[0126] A cleaning blade 5017 is moved toward front and rear by a moving member 5017. They are supported on the 
supporting frame 5018 of the main assembly of the apparatus. The blade may be in another form, more particularly, a 
known cleaning blade A lever 5021 is effective to start the sucking recovery operation and is moved with the movement 
of a cam 5020 engaging the carnage, and the driving force from the driving motor is controlled by known transmitting 

3S means such as clutch or the like. 

[0127] . The capping, cleaning and sucking operations can be performed when the carriage is at the home position by 
the lead screw 5005 in this embodiment However, the present invention is usable in another type of system wherein 
such operations are effected at different timing. The recording apparatus is provided with electric signal supply means 
to supply electric signals to the recording head, to effect the recording operation. The individual structures are advan- 

40 tageous, and in addition, the combination thereof is further preferable. 

[0128] The recording apparatus of the present invention is provided with a recording signal applying means for sup- 
plying the signals for driving the recording head, and with a control means for controlling the recording apparatus. 
[0129] The ink container has been described as a part of an ink jet head unit integrally having a recording head, but 
the ink container and the recording head may be separate members, in which the ink is supplied to the recording head 

45 through an ink pipe. 

[0130] The description will be made as to an information processing apparatus using the present invention, and an 
electric circuit therefor. 

[01 31 ] Figure 42 is a perspective view of the information processing apparatus 604 having the built-in recording appa- 
ratus of this invention. 

so [0132] The apparatus comprises the printer 601 described in the foregoing, a key board 602 having letter, character 
and figure input keys and command keys, and a display 603. Figure 43 is a block diagram of the electric circuit of the 
information processing apparatus 604. 

[0133] The electric circuit comprises a main controller 501 , a CPU includes the feature of a microcomputer 502 for 
sequential operation control, a RAM having a working area or the area for the text data or image data, a ROM for storing 
55 programs for the sequential operation and fixed data such as font data, a timer 505 for producing execution cycles for 
the CPU 502 and for providing proper timing for the recording operation of the printer 601 , and an interface 506 for con- 
nection of the CPU 502 with peripheral devices. 

[01 34] It further comprises a controller for the printer 601 , a head driver 508 for supplying electric power and recording 
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signals to the head cartridge 101 , motor drivers 509a and 509b for supplying signals and electric power for driving the 
carriage motor 402a and feed roller 402b, a carriage sensor 51 0 for detecting position of the carriage 1 02 to determine, 
. for example, whether the carriage is at the home position or not, and a paper sensor for detecting presence of absence 
of the recording material 6 to prevent recoring operation outside the recording material, when, for example, the record- 
5 ing material is not fed or when the trailing end portion of the recording material has been recorded. 

[0135] It further comprises an external memory 605 such as FDD, HDD or RAM card, and an external interface 512 
for communication with another information processing apparatus 604 or for connection with the internal bus to control 
the peripheral device. 

[0136] Although not shown in Figure 43, there are voltage source for supplying electric power to the electric circuit, 
10 which may be in the form of a chargeable battery, dry battery or converter for conversion from AC power. 
[0137] Referring to Figure 44, the sequential recording operation control will be described. 
[0138] The following series of operations starts in response to record starting instructions from the key board or from 
the external record starting instructions through the interface. 

[0139] First, the description will be made as to whether or not the display and the operation panel are in the on-line 
15 state, at step SI . This is done so as to avoid the start of the printing operation without sufficient preparation of the printer 
mainly when the record starting signal is transmitted from the outside by communication line or the like. 
[0140] At step S2, the description will be made as to whether or not the recording material 6 is set in the printer on 
the basis of output of the paper sensor 51 1 or the lika This is done for the purpose of avoiding the scattering of the ink, 
contamination of the apparatus thereby and the wasteful consumption of the ink if the printing operation is started with- 
20 out the recording material. 

[0141 ] At the step S2, the discrimination may be made as to whether the nip between the pinch roller 20 and the feed 
roller 201 is released or not because if it is released, the recording material is not properly fed. For this discrimination, 
the release lever may be provided with a mechanical switch. If the recording material is not properly set, the operation 
proceeds to step S3. 

25 [0142] At step S3, a message is given to the operator to promote setting of the recording material. The message may 
be in the form of light or sound. 

[0143] If the proper setting of the recording material is discriminated at step S3, the operation proceeds to step 4, 
where the recording operation starts. In response to the instructions from the CPU 502, the head driver 508 drives the 
head cartridge 101 , and in synchronism therewith, the motor drivers 509a and 509b drive the carriage motor 402a and 
30 the feed motor 402b. The recording operation is carried out with main scan direction movement of the carnage 102, 
subscan direction movement of the recording material and cleaning operation for the recording head 1 . 
[0144] At step S5, the termination of the recording operation is instructed from the CPU 502 or the like. Or when the 
page end or recordable range end comes, recording operation is completed. 

[0145] In an ending step S6, the carriage 1 02 is returned to the home position, so that the recording head is capped 
35 to protect the ink ejection surface thereof in consideration of the possibility that the main switch is deactuated after the 

end of the recording. The recording material is discharged by driving the feed motor 402b through a predetermined 

amount or by driving the feed motor 402b until the sheet discharge is detected by the paper sensor 51 0. Then, the end 

of the recording operation is displayed on the display, or the signal indicative of the end is sent to the peripheral device. 

[0146] In this embodiment, the recording head and the ink container are separable. They may be connected with each 
40 other on or off the carriage. Since the ink container is on the carriage, no tube for the ink supply is required, and the size 

of the apparatus can be reduced. When the ink becomes empty, only the ink container is changed, so that the running 

cost is reduced. 

[0147] If one of the recording head or the ink container has to be exchanged, only that one is changed, so the appa- 
ratus is economical. 

45 [0148] Where the recording head and the ink container are separated by lever or the like on the carriage, the sepa- 
rating speed can be controlled, so that the ink scattering from the ink supply port or the ink receptor port can be pre- 
vented. When the recording head and the ink container are separated on the carriage, it is not necessary to directly 
touch the recording head, and therefore, the ink ejection side surface of the recording head is not touched by the oper- 
ator's finger, so the ejection side surface can be protected from contamination influential to the recording operation. 

so [0149] When the recording head and the ink container are separated on the carriage, the portion of the ink container 
which receives the force is iimrtedly determined, the mechanical strength may be made high only at such a portion. The 
other portion may have a smaller thickness so that the weight can be reduced, or the inside volume (capacity) can be 
increased. When the recording color is to be changed, the recording head and the ink container can be replaced as a 
unit, and therefore, the exchange operation is easy without the possibility of the color mixture. 

55 [0150] The present invention is particularly suitably usable in an ink jet recording head and recording apparatus 
wherein thermal energy by an electrothermal transducer, laser beam or the like is used to cause a change of state of 
the ink to eject or discharge the ink. This is because the high density of the picture elements and the high resolution of 
the recording are possible. 



15 



EP 0 562 717 B1 



[0151] The typical structure and the operational principle are preferably the ones disclosed in U.S. Patent Nos. 
4,723,129 and 4,740,796. The principle and structure are applicable to a so-called on-demand type recording system 
artd a continuous type recording system. Particularly, however, it is suitable for the on-demand type because the prin- 
ciple is such that at least one driving signal is applied to an electrothermal transducer disposed on a liquid (Ink) retaining 
sheet or liquid passage, the driving signal being enough to provide such a quick temperature rise beyond a departure 
from nudeation boiling point by which the thermal energy is provided by the electrothermal transducer to produce film 
boiling on the heating portion of the recording head, whereby a bubble can be formed in the liquid (ink) corresponding 
to each of the driving signals. By the production, development and contraction of the the bubble, the liquid (ink) is 
ejected through an ejection outlet to produce at least one droplet. The driving signal is preferably in the form of a pulse, 
because the development and contraction of the bubble can be effected Instantaneously, and therefore, the liquid (ink) 
is ejected with quick response. The driving signal in the form of the pulse is preferably such as disclosed in U.S. Patents 
Nos. 4,463,359 and 4,345,262. In addition, the temperature increasing rate of the heating surface is preferably such as 
disclosed in U.S. Patent No. 4,313.124. 

[0152] The structure of the recording head may be as shown in U.S. Patent Nos. 4,558,333 and 4,459,600 wherein 
the heating portion is disposed at a bent portion, as well as the structure of the combination of the ejection outlet, liquid 
passage and the electrothermal transducer as disclosed in the above-mentioned patents. In addition, the present inven- 
tion is applicable to the structure disclosed in Japanese Laid-Open Patent Application No. 123670/1984 wherein a com- 
mon slit is used as the ejection outlet for plural electrothermal transducers, and to the structure disclosed in Japanese 
Laid-Open Patent Application No. 138461/1 984 wherein an opening for absorbing pressure wave of the thermal energy 
is formed corresponding to the ejecting portion. This is because the present invention is effective to perform the record- 
ing operation with certainty and at high efficiency irrespective of the type of the recording head. 
[0153] The present invention is effectively applicable to a so-called full-line type recording head having a length cor- 
responding to the maximum recording width. Such a recording head may comprise a single recording head and plural 
recording head combined to cover the maximum width. 

[0154] In addition, the present invention is applicable to a serial type recording head wherein the recording head is 
fixed on the main assembly, to a replaceable chip type recording head which is connected electrically with the main 
apparatus and can be supplied with the ink when it is mounted in the main assembly, or to a cartridge type recording 
head having an integral ink container. 

[0155] The provisions of the recovery means and/or the auxiliary means for the preliminary operation are preferable, 
because they can further stabilize the effects of the present invention. As for such means, there are capping means for 
the recording head, cleaning means therefor, pressing or sucking means, preliminary heating means which may be the 
electrothermal transducer, an additional heating element or a combination thereof. Also, means for effecting preliminary 
ejection (not for the recording operation) can stabilize the recording operation. 

[0156] As regards the variation of the recording head mountable, it may be a single corresponding to a single color 
ink, or may be plural corresponding to the plurality of ink materials having different recording color or density. The 
present invention is effectively applicable to an apparatus having at least one of a monochromatic mode mainly with 
black, a multi-color mode with different color ink materials and/or a full-color mode using the mixture of the colors, which 
may be an integrally formed recording unit or a combination of plural recording heads. 

[0157] Furthermore, in the foregoing embodiment, the ink has been liquid. It may be, however, an ink material which 
is solidified below the room temperature but liquefied at the room temperature. Since the ink is controlled within the tem- 
perature not lower than 30 °C and not higher than 70 °C to stabilize the viscosity of the ink to provide the stabilized ejec- 
tion in usual recording apparatus of this type, the ink may be such that it is liquid within the temperature range when the 
recording signal is the present invention is applicable to other types of ink In one of them, the temperature rise due to 
the thermal energy is positively prevented by consuming it for the state change of the ink from the solid state to the liquid 
state. Another ink material is solidified when it is left, to prevent the evaporation of the ink. In either of the cases, the 
application of the recording signal producing thermal energy, the ink is liquefied, and the liquefied ink may be ejected. 
Another ink material may start to be solidified at the time when it reaches the recording material. The present invention 
is also applicable to such an ink material as is liquefied by the application of the thermal energy. Such an ink material 
may be retained as a liquid or solid material in through holes or recesses formed in a porous sheet as disclosed in Jap- 
anese Laid-Open Patent Application Na 56847/1979 and Japanese Laid-Open Patent Application No. 71260/1985. 
The sheet is faced to the electrothermal transducers. The most effective one for the ink materials described above is 
the film boiling system. 

[0158] The ink jet recording apparatus may be used as an output terminal of an information processing apparatus 
such as computer or the like, as a copying apparatus combined with an image reader or the like, or as a facsimile 
machine having information sending and receiving functions. 

[0159] As described in the foregoing, according to the present invention, the air valve is simple in the structure, and 
smoothly operates at the predetermined threshold pressure. The adjustment of the operating pressure is easy with high 
latitude. In the case of the bi-directional valve used, very small valve mechanism can be accomplished. 



16 



EP0 562 717B1 



[0160] In the (quid or ink container using the valve mechanism of this invention, the pressure in the ink container (in 
the space between the ink bladder and the ink container), and therefore, the pressure in the ink bladder, is determined 
by the difference of the operating pressures of the two valve mechanisms. By adjusting the two operating pressures of 
the two valves, the pressure of the ink can be maintained within a proper pressure range irrespective of the remaining 

s quantity of the ink. For this reason, the liquid can be supplied stably. 

[01 61 ] In the foregoing embodiments, the valve is effective to control the air flow in the two directions. 
[01 62] The valve of this invention is usable for a container for containing gasoline, lamp oil, volatile or flammable liquid 
or chemicals, if the size and configuration is property modified, if the materials of the first container and the second con* 
tainer are properly selected and if the operating pressure or pressures are properly controlled in the manner described 

10 above. The valve is usable in the case that the stabilized supply of the liquid is desired. The use with the ink jet recording 
apparatus is particularly suitable, in that the fine adjustment of the operating pressure is possible for the maintenance 
of the meniscus and that the stabilized supply of the ink is possible irrespective of the degree of consumption of the ink. 
[0163] In the liquid container using the valve mechanism of this invention, the the liquid can be supplied out substan- 
tially with the predetermined pressure, irrespective of the remaining amount of the ink in the container, and in addition, 

is the liquid accommodation volume is large, so that the efficient liquid container can be accomplished with stabilized liq- 
uid supply. 

[0164] By using the efficient and stabilized liquid container with the recording head cartridge or the recording appa- 
ratus, the size of the elements can be reduced. The stabilized ink supply is effective to stabilize and improve the print 
quality. 

20 [0165] When the bi-directional valve is used, the size of the element can be reduced. 

[01 66] Where the cut-away portions are formed in the thin film or the supporting portion, the stagnation of the sealing 
material is collected into the cut-away portion so that the valve operation is not influenced by the moved and stagnated 
sealing material. In addition, with this cut-away portion, when the thin film is bent by the pressure difference across the 
thin film, and the valve is opened thereby, the thin film is bent at the portion of the cut-away portion. For this reason, the 

25 limit pressure for the opening of the valve (releasing threshold pressure) is low. 

[0167] Thus, the proper function of the valve can be maintained for long term. In addition, when it is used for the ink 
container for the ink jet recording apparatus, the releasing threshold pressure can be made low, and the difference 
between the releasing threshold pressure and the closing threshold pressure can be made small. This is significantly 
effective to avoid non-uniform record density, and to avoid the coarse record. 

30 [01 68] When the clearance maintaining mechanism is used between the thin film and the supporting portion (seat) of 
the valve, the operating pressure is maintained even after the valve is left on shelf for a long period, and therefore, the 
stable operation is further assured. 

[0169] As regards the valve having the protection member, if the side thereof faced to the thin film has non-flat con- 
figuration, the thin film is prevented from attaching to the protection member even if the valve is used under a high tem- 
35 perature and high humidity condition. Thus, the operation is further stabilized. 

Claims 

1. A liquid container comprising a chamber for containing liquid and having an outlet for supply of liquid from the 
40 chamber, and a valve mechanism for controlling air pressure within the container, the valve mechanism comprising 

a thin film (3) seated on a support surface (1) bounding an opening (2) of the container so that the thin film covers 
the opening, the thin film being movable in response to a predetermined difference in air pressure between the out- 
side and inside of the container, characterised in that the valve mechanism comprises first and second thin films (3 
and 5), a sealing material is provided between the first thin film and the support surface, the first thin film (3) has 

45 an opening (4) and the second thin film (5) is seated on a surface of the first thin film (3) lacing the container open- 
ing so as to cover the opening in the first thin film (3) and so that sealing material is provided between the first and 
second films, the first film (3) being arranged to move to allow air to exit the container opening (2) when the air pres- 
sure within the container is greater by a predetermined amount than that outside the container and the second film 
(5) being arranged to move to allow air to enter the container through the opening (4) in the first thin film (3) when 

so the air pressure outside the container is greater by a predetermined amount than that inside the container. 

2. A liquid container according to claim 1 , wherein the chamber (63,73) for containing liquid is defined within a further 
chamber (61,77) and the valve mechanism is arranged to allow air to enter or exit a space between the chamber 
(63,73) and the further chamber (61 ,77). 

55 

3. A liquid container according to claim 2, wherein the chamber (63) is in the form of a bladder 

4. A liquid container according to claim 2, wherein the chamber (73) is defined by a wall (72) movable within the fur- 
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ther chamber (77). 

5. A liquid container according to any one of the preceding claims, wherein a recess portion (6) is provided on the sup- 
porting portion ( 1 ) to locate the first thin film (3). 

5 

6. A liquid container according to any one of the preceding claims, wherein the vafve mechanism is covered by a pro- 
tection member (8). 

7. A liquid container according to daim 6, wherein the protection member (8) is formed with projections. 

TO 

8. A liquid container according to any one of the preceding claims, wherein the thin films (3 and 5) are rectangular and 
have apertures received on projections (20) of the supporting surface (21). 

9. A liquid container according to any one of the preceding claims, wherein cut-away portions (10) are defined in at 
75 least one of the opening (2) and the periphery of a recess in which the first thin film is seated. 

10. A liquid container according to any one of the preceding claims, wherein at least one of th9 facing surfaces of the 
supporting portion (21) and the second thin film (25) are roughened. 

20 11. A liquid container according to claim 10, wherein the roughnesses of the order of 1 to 10 micrometres. 

12. A liquid container according to any one of the preceding claims, wherein the sealing material contains particles 
(49). 

25 13. A liquid container according to claim 12, wherein the particles have a size of approximately 5 to 20 micrometres. 

14. A liquid container according to any one of the preceding claims, wherein the vafve mechanism is arranged such that 
the operating pressure for releasing air to atmosphere outside of the container is higher than the operating pres- 
sure for permitting introduction of air into the container. 

30 

15. A liquid container according to one of claims 1 to 9, wherein the opening (4) of the first film (3) is smaller than the 
container opening (2). 

16. A liquid container in accordance with any one of the preceding claims, wherein the container contains ink and is 
35 adapted to be coupled to an ink jet head for an ink jet recording apparatus. 

17. An ink jet cartridge comprising a liquid container in accordance with any one of claims 1 to 15 in combination with 
an ink jet head for receiving ink from the liquid container and for effecting recording by ejecting ink onto a recording 
medium. 

40 

18. An ink jet recording apparatus having a carriage (HC) supporting an ink jet cartridge in accordance with claim 17. 
Patentanspruche 

45 1. Russigkeitsbehafter mit einer Kammer zum Aufnehmen von FIGssigkeit die einen AuslaS zur Zufuhr von Fiussig- 
kett aus der Kammer hat und mit einem Ventilmechanismus zum Steuern des Luftdrucks innerhafb des Behaiters, 
wobei der Ventilmechanismus einen auf einer Stutzfiache (1) sitzenden dunnen Film (3) hat der eine Offnung (2) 
des Behaiters derail begrenzt, daB der dunne Rim die Offnung Qberdeckt, der dunne Rim ist abhangig von einem 
vorbestimnrrten Unterschied des Luftdrucks zwischen der AuBenseite und der Innenseite des Behaiters beweglich, 

so dadurch gekennzelchnet, daB 

der Ventilmechanismus einen ersten und einen zweiten dunnen Rim (3 und 5) hat, wobei ein Dichtungsmaterial 
zwischen dem ersten dunnen Rim und der StOtzf lache vorgesehen ist der erste dunne Rim (3) hat eine Offnung 
(4) und der zweite dQnne Rim (5) srtzt auf einer Flache des ersten dunnen Rim (3), der der BehaiterOff nung gegen- 
uberliegt so daB er die Offnung des ersten dunnen Films (3) Qberdeckt und so daB Dichtungsmaterial zwischen 

55 dem ersten und zweiten dunnen Rim vorgesehen ist, der erste dunne Rim (3) ist beweglich angeordnet, urn Luft 
den Austritt aus der Behaiterfiffnung (2) zu ermflglichen, wenn der Luftdruck innerhalb des Behaiters um einen vor- 
bestimmten Betrag grGBer als der auBerhalb des Behaiters ist und der zwerte Rim (5) ist beweglich angeordnet, 
um den Eintritt von Luft in den Behaiter uber die im ersten dunnen Rim (3) vorgesehenen Offnung (4) zu ermfigli- 
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chen, wenn der Luftdruck auGerhaib des Behaiters um einen vorbestimmten Betrag grCBer als der innerhalb des 
Behaiters ist 

2. ROssigkeitsbehaiter nach Anspruch 1 , 
dadurch gekennzeichnet, daB 

die Kammer (63,73) zur Aufnahme von ROssigkert innerhalb einer weiteren Kammer (61, 77) abgegrenzt ist und 
der Ventilmechanismus angeordnet ist um den Entritt Oder den Austritt von Luft in einen Raum zwischen der Kam- 
mer (63, 73) und der weiteren Kammer (61. 77) zu ermOglichen. 

3. ROssigkeitsbehaiter nach Anspruch 2. 
dadurch gekennzeichnet, daB 

die Kammer (63) die Form einer Blase hat 

4. RussigkertsbehaJter nach Anspruch 2, 
dadurch gekennzeichnet, daB 

die Kammer (73) durch eine Wand (72) abgegrenzt ist die innerhalb der weiteren Kammer (77) beweglich ist 

5. RussigkertsbehaJter nach einem der vorstehenden Anspruche, 
dadurch gekennzeichnet, daB 

ein Aussparungsabschnitt (6) auf dem Stutzabschnitt (1) vorgesehen ist, um den ersten dOnnen Rim (3) Grtlich 
festzulegen. 

6. ROssigkeitsbehaiter nach einem der vorstehenden Anspruche, 
dadurch gekennzeichnet, daB 

der Ventilmechanismus durch ein Schutzbauteif (8) abgedeckt ist. 

7. ROssigkeitsbehaiter nach Anspruch 6, 
dadurch gekennzeichnet, daB 

das am Schutzbauteil (8) VorsprOnge ausgebildet sind. 

8. ROssigkeitsbehaiter nach einem der vorstehenden Ansproche, 
dadurch gekennzeichnet, daB 

die dOnnen Rime (3 und 5) rechteckig sind und Offnungen haben, die von VorsprQngen (20) der StOtzfiache (21) 
aufgenommen werden. 

9. ROssigkeitsbehaiter nach einem der vorstehenden Anspruche, 
dadurch gekennzeichnet, daB 

Aussparungabschnrtte (10) zumindest entweder in der Offnung (2) oder der Umgebung einer Aussparung def iniert 
sind, in der der erste dOnne Rim sitzt 

10. ROssigkeitsbehaiter nach einem der vorstehenden Anspruche, 
dadurch gekennzeichnet, daB 

wenigstens entweder die gegenuberliegende Rache des Stutzabschnrtts (21) oder der zweite dQnne Rim (25) auf- 
gerauht ist. 

11. ROssigkeitsbehaiter nach Anspruch 10, 
dadurch gekennzeichnet, daB 

die Rauhigkeit in der GrdBenordnung von 1 bis 10 Mikrometer liegt. 

12. ROssigkeitsbehaiter nach einem der vorstehenden Anspruche, 
dadurch gekennzeichnet, daB 

das Dichtungsmaterial Partikel (49) enthait 

13. ROssigkeitsbehaiter nach Anspruch 12 t 
dadurch gekennzeichnet, daB 

die Partikel eine GrdGe von ungefahr 5 bis 20 Mikrometer haben. 

✓ 

14. ROsigkeitsbehaiter nach einem der vorstehenden Anspruche, 
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dadurch gekennzeichnet, daB 

der Ventilmechanismus derart angeordnet ist, das der Betriebsdruck zur Freigabe von Luft an die Atmosphere 
. auSerhalb des Behaiters hOher als der Betriebsdrucks ist, der die Enfuhrung von Luft in den BehaKer erlaubt. 

5 15. ROssigkertsbehaiter nach einem der AnsprOche 1 bis 9, 
dadurch gekennzeichnet daB 

die Offnung (4) des ersten Rims (3) Weiner als die Behaiterflffnung (2) ist 

16. ROssigkertsbehaiter nach einem der vorstehenden AnsprOche, 
w dadurch gekennzeichnet, daB 

der Behaiter Tinte enthait und vorbereitet ist, urn mrt einem Ttrrtenstrahlkopf fur eine Tintenstrahlaufzeichnungsvor- 
richtung verbunden zu werden. 

17. Tintenstrahtkartusche mrt einem RQssigkeitsbehatter nach einem der AnsprOche 1 bis 15, in Verbindung mit einem 
is Tlntenstrahlkopf zum Empfang von Tlnte aus dem RGssigkeitsbehaiter und zur Bewirkung einer Aufzeichnung 

durch das AusstoBen von Tinte auf ein Aufzeichnungsmedium. 

18. Tlntenstrahlaufzeichnungsvorrichtung mit einem Wagen (HC), der eine Tintenstrahlkartusche nach Anspruch 17 
stOtzt. 

20 

Revendications 

1. Recipient de liquide comprenant une chambre pour contenir un liquide et presentant une sortie pour fournir le 
liquide depuis la chambre et un mecanisme de soupape pour reguler la pression d'air a rinterieur du recipient, le 

25 mecanisme de soipape comprenant un film mince (3) log6 sur une surface de support (1 ) reliant une ouverture (2) 
du recipient de telle sorte que le film mince recouvre I'ouverture, le film mince pouvant se deplacer en reponse k 
une difference predetermin6e de la pression d'air entre rexterieur et Hnterieur du recipient, caracterise en ce que 
le mecanisme de soupape comprend des premier et second films minces (3 et 5), une mati&re de scellement est 
prevue entre le premier film mince et la surface de support, le premier film mince (3) presents une ouverture (4) et 

30 le second film mince (5) est log6 sur une surface du premier film mince (3) tournee vers I'ouverture du recipient af in 
de recouvrir I'ouverture dans le premier film mince (3) et de telle sorte que la matiere de scellement soit prevue 
entre les premier et second films, le premier film (3) etent agenc6 pour permettre en se deplacant a lair de sortir 
par I'ouverture du recipient (2) lorsque la pression d'air a rinterieur du recipient est superieure d'une quantity pre- 
determined a ceile regnant a rexterieur du recipient et le second film (5) etant agence pour permettre en se depia- 

35 cant a I'air de penetrer dans le recipient par I'ouverture (4) dans le premier film mince (3) lorsque la pression d'air 
a rexterieur du recipient est superieure d'une quantity predetermined a celle regnant a rinterieur du recipient. 

2. Recipient de liquide selon la revendication 1 , dans lequel la chambre (63, 73) permettant de contenir le liquide est 
delinie a I'interieur d'une autre chambre (61 , 77) et le mecanisme de soupape est agenc§ pour permettre a I'air de 

40 penetrer ou de sortir par un espace situ6 entre la chambre (63, 73) et I'autre chambre (61 , 77). 

3. Recipient de liquide selon la revendication 2, dans lequel la chambre (63) a la forme d'un reservoir souple. 

4. Recipient de liquide selon la revendication 2, dans lequel la chambre (73) est delinie par une paroi (72) mobile a 
45 I'intarieur de I'autre chambre (77). 

5. Recipient de liquide selon I'une quelconque des revendications precedentes, dans lequel une partie en creux (6) 
est prevue sur la partie de support (1) pour reperer le premier film mince (3). 

so 6. Recipient de liquide selon I'une quelconque des revendications precedentes, dans lequel le mecanisme de sou- 
pape est recouvert d'un element de protection (8). 

7. Recipient de liquide selon la revendication 6, dans lequel I'element de protection (8) est forme de saillies. 

55 8. Recipient de liquide selon I'une quelconque des revendications precedentes, dans lequel les films minces (3 et 5) 
sont rectangulaires et presentent des ouvertures logees sur les saillies (20) de la surface de support (21). 

9. Recipient de liquide sebn I'une quelconque des revendications precedentes, dans lequel des parties detachers 
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(10) sort denies dans au moins I'une de I'ouverture (2) et de la peripheric d*un creux dans lequel est log6 le pre- 
mier film mince. 

10. Recipient de liquide selon I'une quelconque des revendications pr6cedentes, dans lequeJ au moins une des surfa- 
ces affronts es de ta partie de support (21) et du second film mince (25) est rendue rugueuse. 

1 1 . Recipient de liquide selon la revendication 10. dans lequel les rugosrt6s sont de I'ordre de 1 k 1 0 micrometres. 

12. Recipient de liquide selon i'une quelconque des rwencKcations precedentes, dans lequel la matiere de sceilement 
contient des particules (49). 

13. Recipient de liquide selon la revendi cation 12, dans lequel les particules presentent une taille comprise environ 
entre 5 et 20 micrometres. 

14. Recipient de liquide selon I'une quelconque des revendications pr6c6dentes, dans lequel le mecanisme de sou- 
pape est agence de telle sorte que la pression de fonctionnement pour liberer Fair dans ('atmosphere k I'exterieur 
du recipient sort superieure k la pression de fonctionnement permettant rintroduction de I'air dans le recipient 

1 5. Recipient de liquide selon Tune quelconque des revendications 1 & 9, dans lequel I'ouverture (4) du premier film (3) 
est plus petite que I'ouverture de recipient (2). 

16. Recipient de liquide selon Tune quelconque des revendications pr6c6dentes, dans lequel le recipient contient de 
I'encre et est adapte pour §tre couple k une tfete dlmpression pour un appareil d'enregistrement k jet d'encre. 

17. Cartouche k jet d'encre comprenant un recipient de liquide selon Tune quelconque des revendications 1 k 15 en 
combinaison avec une tfite dlmpression afin de loger I'encre issue du recipient de liquide et d'effectuer I'enregis- 
trement en ejectant de I'encre sur un support d'enregistrement 

18. Appareil d'enregistrement k jet d'encre pr6serrtant un chariot (HC) supportant une cartouche k jet d'encre selon la 
revendication 17. 
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FIG. 2A FIG. 2B 
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FIG. 3A FIG. 3B 




FIG. 4 
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FIG. 5 

24 



EP0S62 717B1 





FIG. 7 



25 



EP 0 562 717 B1 




FIG. 8 
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FIG. 10 
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FIG. II 



29 



EP0562 717B1 



F — 



FIG. 12 



3 5 




EP 0 562 717 B1 





FIG. 16 
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FIG. 17 
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FIG. 18 
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FIG. 21 
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FIG. 23 
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FIG. 28 
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FIG. 31 
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FIG. 33 
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FIG. 34 
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FIG. 35C 
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FIG. 38 
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FIG. 39 
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